Introduction
Hyperopia is the most common refractive condition in childhood 1 . Despite its association with accommodative esotropia and amblyopia, there is no consensus among eye care professionals on the cut-off point or the age at which correction should be prescribed 2 . The main concerns about treatment relate to how important hyperopia really is in the emmetropization process and the lack of evidence that correcting hyperopia in children can positively impact on school performance 2, 3 . Moreover, more complete examinations such as those that evaluate the binocular and accommodative functions are neglected 3, 4 . As a result there is lack of information about these disorders and their association with moderate hyperopia.
There is great variability in moderate hyperopia prevalence among children and adolescents in these studies, even among those using similar methodology, such as the studies that followed the Refractive Error Study in Children (RESC) protocol 5 . In the literature, moderate hyperopia prevalence ranged from 2.8% 6 to 28.9% 7 among 7-yearold-children, 1.4% 8 to 12.4% 7 among 10-year-olds and 0.5% 9 to 10.3% 7 among those aged 15. In the 5-15 age group, moderate hyperopia prevalence ranged from 2.1% 10 to 19.3% 11, 12 . There is no clear explanation for this age-specific variability. Although there are a significant number of studies on hyperopia prevalence, only a few have assessed factors associated with moderate hyperopia 1 . According to the literature, hyperopia is inversely correlated to age [7] [8] [9] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and is more common among White children 1, [22] [23] [24] , whilst its association with gender [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] [18] [19] [20] [21] [22] [23] [25] [26] [27] [28] [29] [30] [31] [32] , parental education 1, 6, 9, 25, 27, 33, 34 and family income 16, 27, 28 is inconclusive. With regard to environmental factors, a direct association has been found between spending more time engaged in outdoor activities and hyperopia in children, although literature on this aspect is very scarce 1, 35, 36 . This study aims to investigate the prevalence of moderate hyperopia and associated factors among elementary school students.
Methods
A cross-sectional study was conducted involving all students attending the 1 st to 8 th grades at two public schools in the urban area of Pelotas, a medium-sized city in Rio Grande do Sul State (Southern Brazil) from April to December 2012.
According to the 2010 census, Pelotas has approximately 328,300 inhabitants, some 41,000 of whom are aged 0-14 37 . The study population (n = 1032) enabled moderate hyperopia prevalence to be estimated (≥ +2.00 D), with a 95% significance level and an acceptable error of 2.2 percentage points, plus 10% to account for possible losses. Statistical power of 80% was obtained to detect prevalence ratios of 2.0 or higher with a 95% confidence level for this association, which showed an 'exposed/ unexposed' relationship of 2:1 and moderate hyperopia prevalence of 12% among the unexposed.
The study population was based on the lists of students provided by the schools. As the lists showed inconsistencies, visits and telephone contacts were made to identify students whose names were on the lists provided by the schools but were actually attending other schools. These students were excluded from the study. All students older than 16 present inappropriate grade for age, thus, to avoid selection bias they were also excluded.
The eye examinations and eye drop instillation were performed by two technicians supervised by an ophthalmologist in adapted rooms in the two schools. The socio-economic/demographic questionnaire was administered at the schools or at the students' homes by a trained interviewer to the person responsible for each student.Refractive measures were expressed in spherical equivalent (SE), calculated as the algebraic sum of the spherical measure plus half the cylindrical power 5 . SE for moderate hyperopia was: hyperopia SE ≥ +2.00D (one or both eyes with no myopia, characterized as SE ≤ 0.50 D) 1, 5 . Hyperopia of ≥ + 1.25 was also considered. According to Rosner 38 , when this point is reached the use of correction should be started in order to avoid problems with school performance .
A 5 minute interval was left between the first and the second drop of cyclopentolate 1%, being instilled. Direct photomotor reflex and pupil size were observed after a further 20 minute interval. A third drop was instilled into both eyes if pupils were photoreactive or their diameter was ≤ 6mm. Signs of pupillary dilation were checked once more after a further 15 minutes.
Auto-refraction with cycloplegia in both eyes was performed using a PRK-5000 auto-refractor (Potec Co. Ltd.). Auto-refractor calibration was measured at the beginning of each working day using a -5.25D model eye. Eight measurements were taken for each eye after aligning the student with the device. The eight measurements for each eye and their averages were printed.
Other variables related to visual function were also collected during the study period. A third technician specialized in refraction and orthoptics therefore measured accommodative amplitude using the push-up technique performed in open space on 10% of the sample for the purposes of quality control. The Bland & Altman 39 method was uses to assess agreement between the examiners' measurements and those of the technician responsible for quality control.
The demographic variables studied were: gender (male or female), age (in years) and skin color as observed by the interviewer (white, black, brown, yellow and indigenous). Age range was categorized as 6-8, 9-12 and 13-16 years, and skin color as white, black and other. Heredity was dichotomized whereby hyperopia was considered to have been inherited when both students' parents wore glasses and had started to wear them before they were 40 years old. Economic status was classified according to the criteria of the Brazilian Association of Research Companies (ABEP) 40 . As information on the education of the head of household was not available in the study, maternal education was used instead.
Students' main activities when not at school were dichotomized (yes/no): watching TV, playing computer or video games, reading, playing outside and sports.
With regard to the appropriateness of age compared to school grade, 8 years of age or less was considered to be appropriate for the first grade, 9 years or less was considered to be appropriate for the second grade and so on successively for each grade. Age ranges outside those defined for each grade were considered to be inappropriate for the respective grade.
Analyses were performed using Stata (version 11.0). Crude analysis assessed associations using the chi-square test for heterogeneity. Adjusted analysis was performed using Poisson regression with robust variance and backward selection. The study's conceptual model guided the hierarchical analysis ( Figure 1 ). Thus, demographic variables and heredity were the distal determinants evaluated; socioeconomic level was the intermediate determinant; and proximal determinants were the main activities engaged in by children and adolescents out of school and which were characterized as far (watching TV), near (reading, playing computer or video games), outdoor (playing outside) and sports activities (Figure 1 ). In order to control for confounding, variables showing a ≤ 0.20 p value were kept in the model and ≤ 0.05 p values were considered statistically significant.
The study was approved by the Ethics Committee of the Federal University of Pelotas (UFPel) School of Medicine and approved by the boards of both elementary schools. Study subjects and their parents had their right to refuse to take part and information confidentiality was guaranteed. Those who agreed to participate in the study underwent cycloplegic examinations and answered questionnaires only after parents and/or guardians had signed the informed consent form. Correction was prescribed for those cases needing it and those requiring ophthalmologic follow-up were treated at the UFPel School of Medicine Ophthalmology Clinic. The study was conducted in compliance with the ethical principles of the Declaration of Helsinki 
Results
Of a total of 1,128 students from both schools, 1,032 underwent the cycloplegia examination followed by auto-refraction (8.5% losses and refusals). After excluding 12 individuals older than 16 years, the study was comprised of 1,020 students aged 6 to 16 years old.
Average age was 10.6 years (SD = ± 2.7) and 55% of the students were boys. Regarding heredity, at least one of the parents of 28.1% of the students began wearing glasses before 40 years of age and 6% had both parents in this condition. Most of the studied students (58.5%) belonged to eco- nomic level 'C' , 79% were White and only 15.5% of the students practiced sports. When asked about the main activities the students engaged in out of school, 19% reported outdoor activities, 36% watching TV, 31% playing video or computer games, and 2% reading. Half the children and adolescents studied were older than the expected age for their grade owing to having fallen behind in their academic performance (Table 1) . Moderate hyperopia prevalence was 13.4% (95% CI, 11.2%-15.4%), while hyperopia ≥ +1.25D prevalence was 34.0% (95% CI, 31.1%-36.9%). In the 6-7 and 12-13 age groups, moderate hyperopia prevalence was 21.7% (95% CI, 15.2%-28.1%) and 8.8% (95% CI, 5.2%-12.5%), respectively (Table 2) . Taking the students studied as a whole, hyperopic spherical equivalent was most common in all specific ages. 85% of students diagnosed as being moderately hyperopic did not wear glasses (Table 1) .
Around 20% of children aged 6-7 years and 14% aged 9, 10 and 11 years had moderate hyperopia. Moderate hyperopia prevalence was around 9% among children and adolescents aged 12 or older ( Table 2 ). The prevalence of hyperopia ≥ +1.25D by specific age was more homogeneous. Prevalence was around 40% in those aged 6-11, decreasing to 28% at the age of 13 years and reaching 15% at 14 years ( Table 2) .
Examination of the crude analysis revealed no statistically significant association between moderate hyperopia and heredity, economic level, playing outside, playing sports, watching TV and playing computer or video games. Playing Variables Gender (n = 1,020) Male Female Age (n = 1.020) 13-16 9-12 6-8 Skin color (n = 1,020)
Non-white White Heredity -wearing glasses (n = 988) ** 32 parents/guardians had no knowledge of or could not recall using eye correction for themselves or for their spouse (when only one of the parents answered the questionnaire) or had no knowledge of or could not recall the child's parents using of correction (when another relative/guardian answered the questionnaire).
Ω Brazilian Association of Research Companies. *** 36 parents/ guardians had no knowledge of or refused to provide information on the education of the child's mother. N = £ 999. € 12 children had no information provided as to their grade on the lists made available by the schools.
outside (p = 0.106) and watching TV (p = 0.087) were kept in the model in order to control for confounding (Table 3) .
Examination of the association between moderate hyperopia and independent variables showed, after adjustment for confounding factors, that girls were 39% more hyperopic than boys RP = 1.41(95% CI, 1.02-1.90) and White were 66% more hyperopic than Black RP = 1.66(95% CI, 1.04-2.66). Age had an inverse association with hyperopia (p<0.001). Those aged 6-8 were twice as likely to be hyperopic than those aged 13-16 RP = 2.37(95% CI, 1.51-3.72) ( Table 4 ). Socioeconomic status, heredity and the variables relating to the students' main activities out of school were not significantly associated with the outcome (p > 0.05).
The mean difference between the readings obtained by examiners and the gold standard with regard to the measurement of accommodative amplitude for quality control using the Bland-Altman method was 1.0D (95% CI, 0.57D-1.45D) and the agreement between the examiners' measurements and the gold standard regarding accommodative insufficiency when using the kappa statistic was 1.0.
Age (N)
6 (69) * 32 parents/guardians had no knowledge of or could not recall using eye correction for themselves or for their spouse (when only one of the parents answered the questionnaire) or had no knowledge of or could not recall the child's parents using of correction (when another relative/guardian answered the questionnaire).
Ω Brazilian Association of Research Companies. ** 36 parents/guardians had no knowledge of or refused to provide information on the education of the child's mother.
€ n = 999.
Discussion
Almost one fifth of the school population was diagnosed as having moderate hyperopia (≥ +2.00D SE) and more than three-quarters of these did not use correction and half the children and adolescents were older than expected for the school grade they were attending. Age was inversely associated with moderate hyperopia, while female sex and white skin color were directly associated. Heredity, economic level, playing outside, playing sports, watching TV, playing computer or video games and reading were not associated with moderate hyperopia. This study was conducted in two schools in the same neighborhood, with strong representation of lower-middle income families and therefore not representative of different economic levels. On the other hand, the study evaluated refractive error in students objectively through auto-refraction. The low percentage of losses and refusals reinforces the validity of the findings. Although there is an overestimation of the amount of refractive errors using an auto-refractor in comparison with retinoscopy, the difference between the two test methods is not significant in the determination of refractive errors 5 . The instillation of cycloplegic drops followed the protocol used in the major population-based studies on refractive errors, and cycloplegia precision control was performed by observing direct photomotor reflection and pupil size in each eye before auto-refraction 5 . The cut-off point for moderate hyperopia (SE ≥ +2.00D) also followed the RESC protocol, thus enabling consistency with other studies to be evaluated.
There is little evidence to support the definition of the ideal cut-off point for starting hyperopia correction. Some authors do not recommend the prescription of correction for young children because it decreases the stimulus (hyperopic defocus) which regulates the growth of the eye and the interactions between the ocular components during the emmetropization period. Other authors emphasize that the emmetropization period occurs very quickly, centering on the first year of life, and that the role of hyperopic defocus is not clear as the main agent in stimulating emmetropization during childhood 2 . Also, there is controversy about the need to take into account the binocular and accommodative functions in defining hyperopia correction. However, Rosner showed that hyperopic children with refractive errors greater than +1.25D without correction had worse school performance 4, 38, 43 suggesting that the lack of correction in children with moderate hyperopia, as found in this study, is a serious problem.
The prevalence of moderate hyperopia among children and adolescents aged 6-16 years was higher than that observed in most other studies using the same age range 4, [17] [18] [19] [20] [21] [22] [23] . Prevalence was similar to the 16.6% (95% CI, 13.6%-19.7%) found in Iran, lower than the 19% found in Chile and in another study conducted in Iran 11, 12 . With regard to other age ranges, the 26% (95% CI, 20%-33%) prevalence of moderate hyperopia found in Northern Ireland 20 and the 12.3% (95% CI, 8.8%-15.7%) found in England 34 in children aged 6-7 is within the estimated prevalence confidence interval in this study. Among children and adolescents aged 12-13, the prevalence of moder- . These findings are consistent with our study. Moderate hyperopia prevalence in the 7-11 specific age group was similar to that found in the population-based study conducted by Fotouhi in Dezful, Iran, with 5,544 students and a 96.8% response rate 7 . In agreement with most studies in the literature, age was inversely associated with moderate hyperopia 7, 9, [11] [12] [13] 15, 17, 18, 21, 27, 44 . The process of emmetropization and eye growth stimulated by hyperopic defocus is minimal after 3 years of age, which mitigates the variability of hyperopic error 2 . Nevertheless, there is evidence that the axial length of the eye continues to increase until the age of 12 to 14 years, suggesting a decrease in the hyperopic spherical equivalent as age increases 45 . In this study girls were more hyperopic than boys. This finding is consistent with the risk of between 20% and 50% reported by some articles 10, 11, 13 . However, most studies showed no significant association between gender and moderate hyperopia among children and adolescents aged 5-17 [6] [7] [8] [9] 12, 15, 18, [20] [21] [22] 26, [29] [30] [31] . With regard to ocular components, on average girls' eyes have lower axial length when compared to boys 19, 22, [45] [46] [47] [48] , thus increasing their chance of being hyperopic. Differences in the association between gender and far and near activities in different cultures may affect the association between gender and hyperopia 36 . Furthermore, although genders are well represented in the literature, they may have selection bias, whether because of the greater difficulty girls face in accessing schools in some cultures, or because of their being more willing to participate in health studies.
White students showed higher moderate hyperopia prevalence than non-white students. This result agrees with a study conducted in England with children aged 6-7 years 34 and Kleinstein et al.'s study in the United States with children and adolescents aged 5-17 years, using a hyperopia cut-off point greater than or equal to +1.25D 23 . With regard to ocular components, White children and adolescents can be expected to present higher moderate hyperopia prevalence than Black ones because the axial length of their eyes is less than that of Black children and adolescents 49 . Moreover, differences in economic status, cultural aspects and far and near activities also impact the association between skin color and moderate hyperopia.
Population-based studies have observed high hyperopia prevalence rates among members of the same family (familial aggregation) 35, 50 as well as increased correlation between high hyperopia and monozygotic twins when compared to dizygotic twins, suggesting a strong genetic component 3, 51 . In this study, the fact that parents wore glasses before the 40 years of age was not associated with moderate hyperopia in their children, although a limitation was that parents' refractive error type was not defined precisely.
There was no association between outdoor activities (sports and playing outside) and moderate hyperopia. Literature shows that children and adolescents who spend more hours per week engaged in outdoor activities (including sports) are more hyperopic than those who spend less time doing these activities 1, 35, 36 . Outdoor activities do not require much accommodation and therefore stimulate axial length less 49, 52 . The greater intensity of the light in outside environments causes reflexive miosis, thus increasing focus depth and image sharpness 36 . Light also stimulates dopamine release, thus inhibiting ocular growth 36, 50 . There is no consensus on classifying 'watching TV' in terms of distance. Some studies consider it to be intermediate, others have classified it as near 1, 53 , while the present study considered it to be far, based on the hypothesis that watching TV may be a risk factor for moderate hyperopia. In keeping with the literature, no association was found between watching TV and moderate hyperopia.
No association was found between near activities (reading and playing computer and video games) and moderate hyperopia. According to the literature, children who spend more hours per week engaging in near activities such as doing homework, studying, reading for pleasure, playing a musical instrument and using the computer are less hyperopic when compared to those who spend fewer hours per week performing these activities 35, 53 . The study conducted by Rose in Australia showed a modifying effect of ethnicity, since Caucasian children tended to be less hyperopic the more they increased the time spent doing near activities, whilst this association was not observed among children of Asian origin 36 . Near activities place greater demands on the accommodative and binocular processes to keep images sharp 2 . One study has shown that the time devoted to console games is a risk factor for hyperopia in children 35 . Our study found no association between playing computer or video games and moderate hyperopia. The association examined included activities involving different degrees of visual effort, whereby using a computer was considered to be a much nearer activity than playing video games. This study has made progress in estimating the prevalence of mild and moderate hyperopia both by age range and specific age, emphasizing the serious problem of the lack of this condition being corrected in Southern Brazil. It also indicates the inverse association between age and hyperopia, as well as the positive association between hyperopia and female gender and white skin color. Future studies should further examine genetic factors related to moderate hyperopia, with improved evaluation of parental refractive errors. The evaluation of far, near and outdoor activities is still scarce in the literature and there is no consensus on their classification. It is important for far, near and outdoor activities to be detailed, as well as to characterize the time devoted to each activity and accurately separate activities requiring different degrees of visual effort. There is significant variability in moderate hyperopia prevalence between the different studies. Researchers need to reflect on whether the causal chain that is being examined comprises this variability or if there are other aspects that should be evaluated, such as nutritional factors, for example.
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